A rapid method for the analysis of the main components of the total glycosides of Ranunculus japonicus (TGOR) was developed using ultra-performance liquid chromatography with quadrupole-time-of-flight mass spectrometry (UPLC/Q-TOF-MS). The separation analysis was performed on a Waters Acquity UPLC system and the accurate mass of molecules and their fragment ions were determined by Q-TOF MS. Twenty compounds, including lactone glycosides, flavonoid glycosides and flavonoid aglycones, were identified and tentatively deduced on the basis of their elemental compositions, MS/MS data and relevant literature. The results demonstrated that lactone glycosides and flavonoids were the main constituents of TGOR. Furthermore, an effective and rapid pattern was established allowing for the comprehensive and systematic characterization of the complex samples.
Ranunculus japonicus Thunb. is a Chinese herbal medicine traditionally used in the treatment of malaria, jaundice, migraine, stomach ache, arthralgia, crane-like arthropathy, ulcer, toothache, and eye inflammation [1] . Pharmacological studies have showed that the total glycosides of R. japonicus (TGOR) possess antiinflammatory and analgesic activities [2] . In addition, TGOR has also been found to inhibit angiotensin II (AngII) from inducing cardiac myocyte hypertrophy in rats [3] . Phytochemical studies of Ranunculus species have led to the isolation of lactones, flavonoids, saponins, organic acids, steroids, and alkaloids [4] . However, there are few relevant reports about the chemical constituents of R. japonicas [4a,4b] . Three lactones, ranunculinin, isoranunculinin, and dihydroranunculinin, have been previously isolated and identified using conventional column chromatographic and spectroscopic procedures [4b] . Therefore, the development of an effective method to identify the main components in TGOR is very important. Compared with conventional methods, ultra-performance liquid chromatography with quadruple-time-of-flight mass spectrometry (UPLC/Q-TOF-MS) is rapid, sensitive in separation, accurate in mass measurement and tandem mass spectrometry (MS/MS), and can be used for the analysis of complex components [5] . This paper describes an effective method to analyze TGOR using UPLC/Q-TOF MS, and attempts to reveal more useful information about the drugs bioactivity.
The main components of TGOR are glycosides, which are highly polar compounds. Therefore, aqueous formic acid in the mobile phase, and a high-gradient slope were applied to the chromatographic method. As a result, each glycoside in TGOR was separated in 30 minutes and the efficiency in the ionization of compounds was increased for Q-TOF-MS. The chromatogram of TGOR by UPLC/Q-TOF-MS is shown in Figure 1 . Also, it was found that the glycosides of TGOR were broken easily when the cone voltage was set over 30 V. Due to this, the cone voltage was evaluated at 15, 20, 25 and 30 V, respectively. As a result, the cone voltage at 15V in the positive mode and 20V in the negative mode were applied for minimal fragmentation and better sensitivity. The collision energy (CE) is the most effective parameter for MS/MS of TGOR. The value of CE was evaluated from 15eV to 60eV in order to obtain Tables 1 and 2. adequate characteristic fragment ions for most of the compounds of TGOR.
The base peak ion (BPI) chromatograms of TGOR obtained by UPLC/Q-TOF-MS in both positive and negative ion mode are presented in Figures 1 a and The Q-TOF MS provided the elemental compositions of both molecular and some characteristic fragment ions. The elemental compositions of 20 peaks were calculated by the Masslynx software, and the results are shown in Table 1 . The structures of the detected compounds were deduced by TOF-MS, MS/MS fragment ions, comparison with standard compounds, and literature data [6] . The results indicate that the main components of TGOR are lactone glycosides, flavonoid glycosides, and aglycones; the lactone glycosides include ranunculin and its derivates, flavonoid glycosides, including fifteen C-glycosides and Oglycosides of which the major mother nuclei flavones are luteolin, apigenin and tricin. Table 2 . A more reliable means to differentiate the 8-C-and 6-C-glucosides of orientin and isorientin is based on the product ion at m/z 327 obtained in the MS/MS experiment, since certain ions [M−H−120]are observed at higher abundance in the spectra of 6-C-glucosides than those in the spectra of 8-C-glucosides [8] . Using an accurate method to measure elemental composition and applying the relevant MS fragmentation rules reported before, three lactone glycosides, fifteen flavonoid glycosides, and two flavonoid aglycones were either identified or tentatively deduced from TGOR. Among them, only ranunculin and tricin have been previously reported for Ranunculus japonicus. This is the first report of adonivernite, orientin, isorientin, vitexin, 6-C-β-D-glucosyl-8-C-α-Larabinosylapigenin, and tricin-7-O-β-D-glucopyranoside from this plant. In this study, a simple, rapid and sensitive method was established for screening the main components in TGOR by UPLC/Q-TOF-MS, and several new glycosides were detected in the present study. This experiment demonstrates that UPLC/ Q-TOF-MS is a powerful and rapid technique for analyzing and discovering the complex constituents of Chinese herbal medicines.
Experimental

Materials and chemicals:
Acetonitrile (HPLC grade) was purchased from Merck (Germany), and formic acid from DIMA (USA); water was purified by an arium 611UV system (Sartorius, Germany). Other solvents and chemicals were bought from Guangzhou Chemical Agent Factory (Guangzhou, China). Vitexin was purchased from SIGMA (USA). The Acquity UPLC/Q-TOF micro system was operated using MassLynx 4.1 software (Waters Co., USA). The accurate mass and composition for the precursor and fragment ions were calculated by MassLynx 4.1 software.
Instruments and methods: A Waters Acquity
Plant material and sample preparation:
Ranunculus japonicus Thunb. was collected from Jiujiang (Jiangxi Province, China). The herb was authenticated by lecturer Jizhu Liu, Guangdong Pharmaceutical University.
The air-dried and cut R. japonicus was extracted under reflux with 85% ethanol, thrice. The solutions were filtered, pooled, and evaporated under vacuo to obtain an EtOH extract. This was suspended in distilled water, and successively partitioned in a 1:1 ratio with ethyl acetate. The water fraction was absorbed onto a D-101 macroporous resin column and eluted with water and ethanol. The ethanol fraction formed the total glucosides of R. japonicus (TGOR). TGOR was dissolved in methanol:water (1:1, v/v). Vitexin was dissolved in methanol and filtered through 0.22 μm membranes for analysis.
